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(71) We, Tenntco Chemicals, Inc., 
of 230 Park Avenue, New York, New York 
10017, United States of America, a cor- 
poration organised and existing under the 
laws of the State of Delaware, United States 
of America, do hereby declare the invention, 
for which v^'e pray ihat a patent may be 
granted to us, and ihe method by which it 
is to be performed, to be particularly de- 
scribed in and by the following statement: — 



creases in the membrane planes between 
mutually adjonung ceils. As die reaction 
material solidifies, therefore an inter-con- 
necied three-dimensional cellular network is 
produced comprising a skeletal system of 
randonil^'-oriented and interconnected 
tlncker strands foirning the outlines of 
w:ndov/s across whicli extend tliinner win- 
dow-like membranes. Other flexible cellular 
inaterials for example, foamied polyethylene, 
no]v::roDvlene, oolvvinvl chloride, silicone! 
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polyisocyanates, particularly aliphatic or 
aromatic diisocyanates in the presence of 
water, pigments and catalysts, particularly 
ammes or metallic catalysts, such as stan- 
nous octoate. In the course of the re- 
action, carbon dioxide gas forms bubbles 
so as to produce a foam from the liquified 

v^iL^ii, cilccL ui. me 

caroon dioxide is enhanced by the use of 
an auxiliary foaming agent, for example, a 
halogenated hydrocarbon. The mixture 
solidifies m the foamed state so as to pro- 
duce a foamed cellular material. The -as 
buboles which form in the course of ^h^ 
foaming process are each initially sur- 
rounded by a film of reaction mixture of 
generally uniform thickness. However 
where the bubbles touch, the film Uiickness 
mcrca^es dinner tN,- i;...^r . , 



terial actually can be increased by removinii 
the membrane material from the cells. 

Past attempts to remove membranes 
from foamed cellular materials have in- 
volved chemical dissolution, the use of SO 
electromagnetic energy and the use of ex- 
plosive techniques. Each of these ap- 
. iit-o tiojuciatcu uiiiiuuuies. 1 ne 

chemical dissolution process requires the 
material to be soaked in a dissolving aeent, 85 
tlien in a neutralizing agent, and finally 
to be rinsed and dried. In addition to its 
com.piexity. this technique subjects the 
strands to the same dissolving agent as the 
membranes so that tlie strands themselves 90 
become weakened. The electromacinetic 
energy technique requires complex pTioto- 
llash equipment and is extremelv difiicult 
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(71) We, Tlnnf.co Chemicals, Inc., 
ot 280 Park Avenue, New York, New York 
10017, United Slates of A^merica, a cor- 
poration organised and existing under the 
laws of the State of Delaware, United States 
ol America, do hereby declare the invention, 
for v/hich we pray ihat a patent may be 
granted to us, and the method by which it 
is to be perfoi-med, to be particularly de- 
scribed in and by the followiiig statement: 

This invention relates to flexible cellular 
materials and more particularly concerns the 
partial or substantial destruction of cell 
walls or membranes of such materials to 
produce useful products. 

While not so limited, the present inven- 
tion is particularly useful in connection with 
the preparation of flexible polyu.rethane 
loam from which a major proportion of 
the cell wall membranes have been re- 
moved. Polyurelhaiie foams are well known 
in the art and are readily prepared in a 
variety of colours and densities as foam 
bodies having as few as ten cells per inch to 
as many as one hundred or even more ceils 
per inch. Such products are poduccd for 
ejcample, by the reaction of hydroxy!- 
termmated polyethers or polyesters widi 
polyisocyanates, particularly aliphatic or 
aromatic diisocyanates in the presence of 
water, pigments and catalysts, particularly 
ammes or metallic catalysts, such as stan- 
nous octoatc. In the course of the re- 
action, carbon dioxide gas forms bubbles 
so as to produce a foam from the liquified 
reaction mixture. Often, the effect of the 
carbon dioxide is enhanced by the use of 
an auxihaiy foaming agent, for example, a 
ha ogenated hydrocarbon. The mixture 
solidifies m the foamed state so as to pro- 
duce a foamed cellular material. The o-as 
buboles which form in the course of the 
foaming process are each irdtially sur- 
rounded by a film of reaction mixture of 
generally uniform thickness. However 

mcieases along the lines of contact and de- 
[Pnce 25p] 



creases in the membrane planes between 
mutually adjoining cells. As the reaction 
material solidifies, therefore an inter-con- 50 
uccied three-dimensional cellular network is 
produced comprising a skeletal system of 
randomly-oriented and interconnected 
lliicker strands forming the outlines of 
v/indows across which extend thinner win- 55 
d:)v/-Iike membranes. Other ilexible cellular 
materials for example, foamed polyethylene, 
polypropylene, polyvinyl chloride, silicone! 
ncoprene and rubber latex, may also be 
formed by biovv^n procedures to produce 60 
snnilar structural arrangements. These pro- 
ducts are also suscep/tible to use in the 
process of tlie invention. 

It has been found desirable for some pur- 
poses to eliminate, to a certain extent, 65 
the membranes which extend across the 
windows defined by the interconnected 
strands. When these membranes are re- 
moved, the material has a soften feel and 
appearance and is made more porous. In 70 
addition, ^the surface sheen in substantially 
eliminated, which is desirable for example 
when tlie product is used in bonded textile 
clothing applicauons. It also has been 
toiiiid tnal the tensile strength of tlie ma- 75 
tenal actually can be increased by removin^^ 
tlie membrane material from the cells. * 

Past attempts to remove membranes 
irom loamed cellular materials have in- 
volved chemical dissolution, the use of SO 
electromagnetic energy and the use of ex- 
plosive techniques. Each of these ap- 
proaches lias associated diflficulties. The 
cncmical dissolution process requires the 
niatenal to be soaked in a dissolving ao^ent 85 
tlien m a neutralizing agent, and finally 
to be rinsed and dried. In addition to its 
complexity this technique subjects the 
strands to the same dissolving agent as the 
membranes so that the strands themselves 90 
become \yeakened. The electromagnetic 
energy technique requires complex photo- 
Hash equipment and is extremely difiH^-ult 
to control. Moreover, the orientation of th- 
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nicnibrancs, being defined by ine random 
JX)^i^ions of die sfrands, prevents tiiein from 
behig equally exposed to the radiation 
source. Tlie explosion process is also diHi- 
5 cult to control and may be a safety hazard. 
The present invention avoids the above- 
noted difiicuJties of the prior art and makes 
jx^JS'^ible the formation of an open-cjiled 
hexib!e celiuar material in a continuou>, 
10 relatively simple and easily controlled pj'o- 
cess. 

According to one aspect, the present in- 
veniion provides a method of rupturing 
membranes from a siieet of fle\ible foamed 
15 cellular material, which comprises support- 
ing the slieet on one side while subjecting 
the sheet to the action of a higii velocity jet 
of lluid directed against the other side of the 
sheet. 

20 In accordance v/ith a preferred feature 
of the method of the invention, the slieet 
is stretched in a Jiianner tending to re- 
orientate the membranes toward mutually 
parallel planes and is subjected to the action 

25 of tiie jet of Maid, while the membranes are 
so rejrientated. As a result, the niembranJ- 
dcst roving eiiergy of tlie high velocity jet ol 
fluid is applicd^nost eilectively, since it acts 
upon the major portion of tlie window niem- 

30 braties transversely thereto. 

Because tlie cell strands are iiUercon- 
nected at random points, the stretching 
action will reorientate the plaiies of the win- 
dow membranes in the direction ^ of the 

35 siretch. The present iiivenlion also involves 
special control of the stretching actioii so as 
to provide a maximum projected surface 
area of the reoriented window membranes 
in the plane of stretch. This special control 

40 can be achieved by exerting stretching or 
tensile forces on the foamed material; bi- 
axial stretching, that is, where die stretcliii:g 
forces are applied simultaneously or 
quentially in two mutually orihogonal di- 

45 reel ions, is preferred and ii:e forces are pre- 
ferably so maintained during subsequent 
treat me] It steps. "i'hcse stretch di roe dons 
lie in a plane transverse to tiie direction of 
energy applica don. As illusiralively em- 

50 bodied, this application of tensile forces in 
two directions is obtained in a continuous 
process by causing a sheet of flexibie foamed 
cellular maleriaf to jiass longitudinaliy 
tiii-oudh a tenter frame wlierc i:s edges are 

55 gripped and puUcd laterally. At the ^ame 
Time, each unit area of the foamed celluiar 
material in tire tenter frame moves longi- 
tudinally at about the same speed. Tiiis re- 
sult^ in "a streiching iii two directions in the 

60 phi.n.e (vf the sheet, so tiiat most of the 
cell windov/ membranes become tilted into 
planes substantially parallel to the ph:ne of 
the ^heet, without the area rf t!ie ced 
window being significantly reduced. The 

65 momentum of the ranidly-moving fluid is 



sulficient to produce a mechanical rupture 
of the window membranes. An especially 
favourable action appears to take place 
vdien a high velocity lluid jet i^ directed 
aaainsl a ifexible foamed material. It ap- 
pears that the jet actually produces stretch- 
in!! in tiie individual cell window^, thereby 
rapidlv stre>sing ihem to a point wher: diey 
are ruptured. *'ln carr\ing out the meihod 
of the invention, tl:e i^heet is preferably 
stretched by lO^c to 50 in one direction- 
According to aoioUier aspect of the :irv en- 
tion, ail apparatus is provided for rupturing 
membrane^ from tlexible foamed cellular 
material, comprising a con\evor constructed 
and arjanged to move a web of the llexible 
foamed cellular material continuously in a 
longitudinal direction along a given path, a 
backing roll ijiterposed in die path in a 
posidon such that the web coniacis the sur- 
face of tiie roll while passing over it during 
its longitudinal movement and at least one 
jetting^iojzle directed at die surface of the 
roll and arranged to receive a tkiid uiider 
j^ressure for passage through the nozzle 
and against the web passing over liie back- 
ing roil. 

In a preferred embodiment of the ap- 
paratus of the invention, the jetting noz/lels) 
communicate widi a Ikpiid supj^ly source 
and drying arrangements are located doAvn- 
btrean^of the jetting nozzlefs). 

These drying arrajigemeius desirably in- 
clude squeeze^ rolls arrai^ged to sejueeze 
liquid out of the web. They also desirably 
ijiclude a hot gas jetting noz/Ac arranged to 
jei hot g:is at llie web do. \Misti cam ^>f the 
squeeze ^ro'ls. In an alternative arrange- 
ment, a dr\iiig oven is arranged down- 
Sireani of die rciuee/e rolls, througli wiiich 
the web is directed. 

Tin's invention also embraces the products 
of the meihod, naanely tlexible foamed 
cellular web.-, v hich iiave been produced 
fro)jn cellular material by opei'ation of die 
method of die invention, 

A specific embodiment of tiie invention 
has been choseii for purposes of illustration 
and description, and is shown in the accom- 
panying drawings, veiierein : 

rig. "l is a side elevational view, ^iiowing, 
in 'jeiieral outline, a processing assembly for 
membrane elimination in llexible foamed 
cellular sheets according to the present in- 
sciition: 

I 'l^. 2 is an enlarged top plan view of a 
sheef stretching unit forming one portion of 
die assembly of Fig. 1; 

Fi'j. 3 is an enlarged perspectiv e \iew ^of 
a fra-jment of a ncxibie foamed ceiiuiar 
sheet ^bein*: processed on the asscmbK' of 

Fi'-\ I: . . , 

Fin. 4 is an enlarged persjioct:\'e view ot 
a topical ceil of the*^ slicet of Fog. 3 before 
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membrane elimination according; to the pre- 
sent invention: 

Fiij. 5 is an enlarged per spec live view 
similar to Fig, 4, but showing ihe ceil afier 
5 membrane elimination aecording to the pre- 
sent invention; 

Fig. 6 is an enlarged view of the frag- 
ment of Fig. 3 showing its cellukir ar- 
rangement in a normal unstressed con- 
10 dition; 

Fig. 6A is a magnified view of the frag- 
ment of Fig. 6 showing its cellular con- 
figuration; 

Fig. 68 is a stylized representation of a 
15 cell in the fragment of Fig. 6; 

Fig. 7 is a view similar to Fig. 6 showing 
the fragment stretched in one direction; 

Fig. 7A is a view similar to Fig. 6A 
illustrating the effect of single direction 
20 streiching on the cellular arrangement; 

Fig. IB is a stylized representatioii of a 
cell in the fragment of Fig. 7; 

Fig. 8 is a view similar to Fig. 7, but 
showing the fragment sircLched in two di- 
25 rections; 

Fig. 8/1 is a view similar to Fig. 7/1 
illustraiing the effect of bi-directional 
stretching on the cellular arrangement; 
Fig. 8^ is a stylized representation 'of a 
30 cell in the fragment of Fig. 8; 

F"*ig. 9 is an enlarged perspective viev/ 
illustrating a membrane destruction unit 
employed in the assembly of Fig. 1; 

Fig. 10 is a fragmentary sectional view 
:>5 taken along the line 10—10 of Fiir. 9 and 
showing a jetting unit forming apportion 
thereof; 

Fig. 11 shows a detail of Fig. 10 on an 
enlarged scale. 

40 Flexible foamed cellular material to be 
processed in the assembly of Fig. 1 is with- 
drav/n from a supply roll 22 in the fc^rm nf 
a continuous v/eb 24. The web 24 is pulled 
from the roll 22 and under a guide roll 26 

45 at substantially constant speed by means of 
drive rolls 28. External drive means (not 
shown), such as electrical motors, control 
tile dnving action of the drive rolls 
28. 

50 The web 24 then passes through a tenter 
frame assembly 30, where it becomes 
stretched in a manner to be described mere 
fully hereinafter. A pinch roll assembly 32 
is located at the downstream end of the 

55 tenter frame assembly 30 to maintaiii lateral 
and longitudinal tension in the web 24. The 
web 24, while still in a stretched condition, 
passes through a membrane destruction unit 
34 where the web is subjected to an ener- 

60 getic fluid jet v/hich ru.ptures the window 
mcmbrane in the web cells and converts the 
web to a porous open-celled structure. In 
the illustrative embodiment, the mem.brane 
destruction unit 34 employs the kinetic 



energy of a lluid jet to achieve membrane 65 
destrLiction. 

Beyond the membrane destruction unit 
34, the web 24 is allowed to relax to its 
normal uastrctchod condition. It is then 
passed through various odier processing: 70 
units 40, as may be required. For example, 
if the fluid jet includes a liquid, the further 
processing units may include liquid removal 
or drying devices. 1 he web 24 is then with- 
drawn, as by a take-up roll 52, 75 

The construction and operation of the 
tenter assembly 30 is best seen in Fi2. 2. 
The web 24 enters the assembly 30 at a 
hrst Width A and, in the assembly 30, the 
web IS stretched laterally by means of tenter 80 
frame 54 between the drive rolls 28 and the 
pmch roll assembly 32, so that it leaves at a 
greater width B. 

The tenter frame 54 comprises a pair of 
endless loop belts 56 each of which extends 
around upstream and downstream pulleys 
58 and 60 alongside the opposite edges of 
the web. The pulleys 58 and 60 are mounted 
on associated laterally-adjustable pulley 
frames 62 and 64 in any convenient manner, 
so that Ihey may be prositioned to accom- 
modate dilfercnt v/cb widths and to produce 
different degrees of lateral web stretch. 
Intermediate laterally-adjustable frames 66 
and 68 may be positioned along the belts 
56 to control the stretching pattern produced 
by the belts. 

The belts 56 are provided with closely- 
spaced grippcrs 70 v/hich, when the belt 
comes into contact with the web 24, erasp ^^0 
the edges of the web. The belts 56 are 
driven to move longitudinally in synchro- 
nism with the web 24, since the belts are 
secured by the grippcrs 70 to the edges of 
the web, they stretch it laterally during such 105 
movement.^ The ^ grippcrs 70 are released 
iTuiii the belt when they reach tlie down- 
stream pulleys 60. 

The stretching action produced by the 
tenter assembly 30 is biaxial, that is, it 
applies tensile stresses in tv/o mutually- 
orthogonal directions, i.e., longitudinally and 
laterally of the web 24, When a sheet of 
llcxible material is stretched alon?r one 
direction only (e.g., longitudmally) i't will, 
if otherwise unrestrained, contract in an 
orthogonal direction (i.e., laterallv). When 
the contraction in the orthogonal' direction 
is prevented by restraint, the sheet will ex- 
perience a stretching tension in these two ^20 
directions or dimensrons. 

In the present case, the biaxial two-di- 
mensional stretching tension is produced on 
a continuous basis by controlling the belts 
56 so that they maintain the web length 125 
essentially constant, while they pull laterally 
on the edges of the web. A^s a result, 
stretching is produced in two orthogonal 
directions, i.e., longitudinally and laterally 
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in ihc plane of web 24. Normally, ihc 
pull rolls 28 and ihc bjits 56 will op.^rau 
at the same spe^d, so that (on a continuous 
web movement basis) the web is iield to a 
5 fixed length winle it is stretched in widih. 
This results in an actual stretch of the web 
in both length and width because, i? the 
length were Teft unrestrained, the web would 
contract longitudiiially when stretclied later- 

10 ally. Of course, in principie, the web could 
belield to a fixed width while being strclched 
in length, thereby also producing a biaAial 
or two-dimensiona! stretch. Also, additional 
longitudinal stretch may be achieved by 

]5 movin-i the belts 56 at a greater speed tlian 
the pull rolls 28. The manner in which two- 
dimensional stretching contributes ^to im- 
proved membrane elimination can be seen 
from the diasrammatic representations of 

20 Fi2S. 3—8. Fi"^i. 3 illustrates a fragment 78 
of""foamed cellular material in sheet form, 
which mav. for c::amp:e, be part of the 
v/eb 24. The web fragment 78 has a thick- 
ness (t) considerably less than its width iw) 

25 and length (i). Superhcially. it resembles a 
sheet of stretchable fabric or rubber. H-'W- 
ever, closer examinalion reveals tliat^ n is 
made up of minute closely-packed cc!'-. 
The width and leiigth of tlie frag^iieiu 78 

".0 define its plane of c\teiU and tlie p'ane ol 
ihc web 24 in v,iiich the fragn.ient 78 lio>. 
An arrov/ E in Fig, 3 represents the direc- 
tion of energy flow incident on the frag- 
ment 78 wherr membrane ehmiriation is car- 

35 ried out. As can be seen, the direction ol 
incideiit enertiy E is transverse to tiie pl-ne 
of the fragment 78. Less eincient^ ener-y 
attack on ''the windows occurs wiven tiie 
plane of the membrane is inclined v/ilh 

40 respect to its direction of energy. 

Fias, 4 and 5 illustrate a typical cell SO 
formed in the web fragment 78 of Fig. 3. 
As shown in Fie. 4, the cell 80 is made up 
of a number of strands 82 in generahy 

45 random arrangement but interconnected at 
various locations or nexuses 84. The mter- 
connectin<^ of the various randomly posi- 
tioned strands 82 defines window-like open- 
ings Pcro^s wliich are stretched window 

50 niJmbranes 86. When membranes cover 
v/indows on all sides of the cell 80, it is re- 
ferred to as a 'V^losed" cell; the air or gas 
entrapped within the cell will contribute to 
a certain stiilncss and resilience charactenstic 

55 in the foamed cellular material contaiiiing 
the cell. Tlie window membranes 86 also 
render the foamed cellular material imper- 
vious to lluids such as air or water; also, 
they result in a stiffness and sheen which is 

60 undesirable for many uses. 

Fig. 5 shows the structure of the ceJl t'U 
with^the window membranes 86 destroyed. 
As can be seen, the cell SO in Fig. 5 consists 
only of the strands 82 arranged as in Fig. 4 

65 and interconnected at the nexuses 84. These 



Strands have hanging therefrom remnants or 
ragged edges 87 of the now ruptured window 
membranes. 

As can be seen in Fig. 4, the window 
membranes 86, w!io>e orientation is indi- 70 
vidually defined by tlie positions and angles 
of the various strands 82 to which they are 
attached, lie in a multiplicity of different 
planes onlv some of which are transverse 
to the arrow E. Thus, membrane elimination 75 
energv impingent upon a cell in a single 
direction cannot be expected to be com- 
pletely effective on more than a small per- 
centage of cell membranes, namely, those 
whicir happen to lie in planes transverse to 80 
the direction E of incident energy. 

Fi2s. 6, 7 and 8 show magnified portions 
of the web fragment 78 of'^ Fig. 3 as the 
fragment is subjected to different tensile (^r 
stretching forces. In these drawings, a hrst 85 
arrov/ ZL Indicates the direction of web move- 
ment longitudinally in tlie pnK^e>sing ap- 
paratus. 0:l:er arrows IV indicate the wid.h 
or lateral direction across the v/eb: and a 
further a.rrow L indicates the direction of 90 
application of membrane destroying energy. 
The dimensions of the v,eb fragment in the 
L, W and E directions are indicated by the 
corres]>onding letters /. u' and f. As can be 
seen, in f-ig^ 6, the v/eb fragment 78 is 95 
essentiallv un^tretcii.xl and the \arious celN 
80 which' make up the fragment are in their 
normal confmuration. 1 his cellular arrange- 
ment is better seen in the highly magnified 
view of Fig. 6,1. The various strands 82 100 
extend randomly throughout the fragment 
while intersecting at the nexuses 84 which 
also extend randomly throughout llie frag- 
ment. The various cell members 86 are also 
randomlv orientated as described in connec- 105 
tion with hig, 4. The general configuration 
of a typical untensioned cell in the fragment 
78 of' Fig. 6 is represented in the stylized 
presentati(^n of Fiii. 6B as a sphere ^^O. As 
can be seen, only a relatively ^mall portion no 
of the sohere can be considered as substan- 
tially transverse to tiic direction F of mci- 
dent energy. 

In Fiii. 7, the fragment 78 has becii 
subjected to tensile forces T . tending to 115 
stretch it in a lateral direction across its 
width, and extending its width from (vr) to 
In this case, the length if) of the frag- 
ment is unrestrained and free of tensile 
forces /\s a result, it will tend to pull in- 120 
v/ardiy and will decrease to 1 he effect 
in tills case can be seen in the highly mag- 
nified view of Fig. 7A wherein the cells 80 
are eloneiated in one direction but are 
narrowed^in the other direction. The mem- 125 
bra I ICS 86 are iiiied toward the plane 0. tiie 
fraament 78 but they become narrowed so 
thai their total surface area transverse to the 
applied energy E is not substantially in- 
creased. ^-^^ 
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Tlie ability for this stretching and change 
in ct:>nfiguration to occur is in some part due 
to the elasticity of the strands 82, but in 
greater part it is due to the random arrange- 
5 nient of the nexus 84. The strands 82 tend 
to transmit tensile forces along tlieir length. 
Now the adjacent strands are not axially 
ahgned, but rather they are connected to 
each other via a path which appears kinked 

10 or crinkled. Thus, a tensile force in a given 
direction tends to straighten out the crinkles 
and deform the cells to an elongated con- 
figuration. This elongated configuration is 
represented in the stylized presentation of 

15 Fig. 7B as a cigar shape 92. Again, as can 
be seen, even though the sphere shape 90 
(Fig. 6B) is converted by longitudinad ten- 
sion or stretching to a cigar shape 92 (Fig. 
7B), the effect of such stretching on the 

20 amount of cell surface which is Transverse 
to the direction E of incident energy, is 
minor. 

In Fig. 8, the fragment 78 is subjected to 
tensile forces Tn, and T<,,, tending to stretch 

25 it both longitudinally and laterally. This is 
done by maintaining the initial longitudinal 
dimension (/) while increasing tlie lateral 
dimension (w) to (w'). The effect of this is 
seen in the magjuficd view of Fig. 8 A where- 

30 in the cells 80 are shown stretclied out in 
the plane of the fragment 78 with their 
membranes 86 substantially totally lying in 
a direction transverse to the direction E of 
applied energy. This cell reshaping is rcpre- 

35 seined in the stylized presentation of Fig. 83 
as a pancake or disc-shape 94. It will be 
appreciated that nearly the entire surface 
area of the shape 94 is transverse to the 
direction E of incident energy so that this 

40 energy is utilized on the material of the 
fragment 78 with maximum effectiveness. 

It will be appreciated that the prhiciple of 
stretching to reorientate cell window mem- 
branes as disclosed herein is useful for 

45 improving window membrane destruction 
efficiency with nearly any type of directable 
energy. For example, some forms of electro- 
magnetic radiant energy can be focused on 
to the web 24 to produce cell window mem- 

50 brane destruction; the stretching action dis- 
closed herein will improve the ^effectiveness 
of such process, since it will reorient the 
window membranes so that they face the 
energy source. To the extent that other 

55 forms of directable energy, for example, 
light or accoustical energy can be used to 
destroy or rupture window membranes, the 
stretching concepts of the present invention 
can be used advantageously. 

60 In the illustrative embodiment of the 
present invention, there is employed a novel 
window membrane destroying means, 
namely, a high velocity fluid jet. It has been 
discovered that such jet, when directed at 

65 the web, will effectively rupture cell mem- 



branes without adversely affecting cell 
strands and that an efficient and control- 
lable membrane removal operation can be 
carried out in this manner. 

The membrane destruction unit is best 70 
seen in the enlarged perspective view of 
Fig. 9. As can be seen, the web 24 passes 
through the pinch roll assembly 32 and 
over a backing roil 100. The friction be- 
tween the backing roll 100 and the web 24 75 
serves to maintain die stretch imposed on 
the web by the tenter assembly. Thereafter, 
as shown in Fig. 2, the web reverts to its 
normal original width A, A jetting nozzle 
unit 102 is directed down upon the web 24 80 
as it passes over the backing roll 100. Fluid, 
such as water or air, is supplied under high 
pressure from an external source (not shown) 
to the nozzle unit 102 via an inlet conduit 
104. As can be ^een, the nozzle unit 102 85 
extends across the entire width of the web 
24 over the backing roll 100. 

Fig. 10 illustrates the operation of the 
jetting nozzle unit 102. As can be seen, the 
unit includes an interior compartment 106 90 
v/Iierein fluid under pressure accumulates 
for even distribution across the width of the 
web 24. A nozzle opening 108 extends out 
from the compartment 106 along the length 
of the unit. This nozzle opening, as shown 95 
in Fig. 10. is directed against the portion of 
the web 24 overlying the backing roll 100. 
The nozzle unit 102 converts the pressure 
energy of the fluid contained therein to 
kinetic energy of high velocity flow of the 100 
fluid as it passes out the nozzle opening 108. 
The amount of energy delivered by the unit 
depends upon both the velocity of flow of 
the fluid through the nozzle opening and 
upon the density of the fluid. Liquids, of 105 
course, have far greater density than gases, 
and for greater energy flow liquids are pre- 
ferred over gases. In additioii, since liquids 
are incompressible, much more efficient 
pumping can be achieved with liquids than 110 
with gases. 

In certain instances, however, gases may 
be more advantageous than liquids for 
membrane destruction. Gases which are 
essentially dry may be used tliereby avoid- 115 
ing the problem of drying the web after the 
membrane destroying operation. In addi- 
tion, gases can usually be heated to a higher 
temperature than liquids. This can be of help 
in destroying the membranes of materials 120 
such as polyurethane foam since the use of 
hot gases will materially weaken the mem- 
branes thereby enabling the force of the 
gases to be more effective in breaking 
through them. It has been found that gas 125 
temperatures up to 450°F. can be employed 
without causing discoloration of the web ma- 
terial and without melting it. 

Fig. 11 illustrates the action of fluid flow 
in obtaining membrane destruction of a web 130 
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of [oamed cellular malcruil lying over a 
backin- roll such as the roll 100. It would 
nonnaOv be expected tiiat live bla^l ot 
liuuid or gas would, upon impmging the 
v/eh ^4 merelv llaiten il against the bacK- 
iii- surface :^nd hold U il^ere without des- 
tro'Jiiu the membranes. However, it luw 
H-n Unwd that this is not the case and. ni 
fact, a very elfective membrane de.>ULiction 
can 'be obtained in this manner. 

It is believed that what happens is that a 
hiiiii velocity jet will, as .shown m Fig. l U 
foive the jetted tluid down between l ie 
backin- surface (i.e., die roll 100) and tlie 
web 24 so that the only escape tor the huid 
is back aiiain through the tluid. I his re- 
bound clTect is illustrated in Fig. II by lines 
120 representing incident lluid now and 
lines 122 representing rebound How. These 
two flows cooperate to ap[>]y opposite but 
not collinearly directed forces against the 
foamed cellular material; and this serves to 
rupture the ceil membranes without pro- 
ducing undue stress on llie cell strands. ^ 

TiiC roll 100 should have sutrreient 
ctrenmh to hold ilic web 24 against the 
iettin^j action, and at the same tjme it 
should have a certain degree of iiexibility 
to -.C'X^mmodate a continuous fluid now 
throudi the w^eb. Also, as indicated above 
the rSil should be able by friction to hold 
the web in stretched condition as passes 
under the jettins noz/lc unit 102. The loll 
surface mav be rubber having a durometer 
ratin- in the range of 7 to 20. Al.o, foanied 
polyurethane material has been lound to 
be quite ctTcctive for this purpose. 

The following are some typical examples 
of conditions according to which the present 
invention has been carried out. 



and using a micro^cnpe lo count the mem- 
branes present in a given segment. 

E\AM1T-L 2 

A pair of 0.06 incii thick specimens of 
foamed flexible polyurethane material were 
superimposed and together subjected to die 
action of a water jet while in stretched con- 
dition. The specimens vvere stretched iii one 
direction bv 45^;r wiiile restrained against 
correspondi'ng contraction in the orthogonal 
direction. Tlfe specimens were passed o%er 
a 20 durometer rubber backing roll at about 
100 lineal feet per minute while water at 
S2 psi was jetted from a 0.0 10 inch wide 
openinL^ This j^roduced a 989^ membrane 
destruction on the jet facinii side of tlK 



Example 1 ^ 
An 0.06 inch thick web of foamed ilexiore 
polvurethane material w^as subjected to ine 
45 action of a water jet w^hile lying unstretcheu 
over a backinfi roil having a 7 durometer 
rubber surfaced The water jet opening was 
0 00^> inches in width and the water pressure 
was ^)5 psi. The web was passed by the jet 
at a rate of approximately 250 lineal t^a 
per minute. This produced approxmiately 
Q09f membrane destruction on the jet facing 
side of tiic web and about on the 

reverse side. „ : . 

The decree of membrane destruction is 
ascertained visually by stretching the web 
material and noting the elTect o. sucn 
^tretchin^ on lustre or hgnt rellecLivuv. 

membrane destruction is high. OuKr 
methods which may be used ior mea. Liie- 
inrr die decree of membrane destruction m- 
clZv- measurment of the pressure drop 
acro^s the material at a given gas flow rate 
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facing sides of the two la>ers and ^O^r on 
the Reverse side of the lower layer. 

FXAMPLL 3 

An 0.06 inch thick web of foamed, flexible 
polvuretliane material was subjected to the 
action of a heated air jet passing through a 
0.006 convergent opening at about ^0 j^si. 
Tile web was stretched iii one directioii by 
459^ w-inle re^arained against corresponding 
contraction in the orthogonal direction. J he 
specimen was passed over a 20 dun.meter 
rubber backing roll at about 150 lineal leet 
per minute during tlie jetting and was tliere- 
afler inverted and again subjected to the 
jettine action. 

Tills proces.. was repeated for two separ- 
ate specimens. In one case, tiie air tcmjvre,- 
tare was 336- F and the dearie of membrane 
destruction was 859r. In the other case->, 
t!io air temperautre was 452'F and the 
dearee of membrane destruction w;as 

In each of the three examples given, the 
pol' uretiiane material had a density ot^ 

P75 ],80 Ib-^'cu.ft. and a ceil count of 

about 05 — 75 per iiich. However, the inven- 
tion is siniilariy useful with hiamed ma- 
terials havimi a density of 1 to 3.5 Ibv cu.ft. 
and a cell count from 10 to 100 per inch. 
Al^o. the nozzle to v/eb distance in each 
example was varied from S'. , to mch 
with substantiailv similar results. 

It will be appreciated that variations may 
be made in tiie' decree of stretch of tlie web, 
as wvil as th.e temperature and pressure of 
the fluid beiivj jetted. These will, to a greater 
or^lesser deiiree, afl'eet the amount of niem- 
bi-me destruction, lluis, in Example 3, the 
percentage of membrane destruction in- 
creased with the temperature of tiie jetted 
pir. Similaiiv, a reduction in the lineal <peed 
of "web mcnement also will result in an 
increase in percentage ol membrane de- 
struciion. 

In general, however, good results with a 
water'jet have been obtliincd with a lineal 

v'b Mv^d of 200-250 fee: per minute 
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while water at about 50 — 100 psi was sprayed 
through a O.OOS— 0.010 inches wide nozzle 
opening at a distance of about \/,.„ — j 
inch from the web wliile the web was 

5 stretched in both directions by about 50%. 
Liquids other than water may be used. In 
fact, the invention can be practiced with 
nearly any inert, volatile liquid which will 
not produce swelling of the material. Also. 

10 the liquid may, but need not, be non-flam- 
mable, depending upon safety considerations. 

Good results were also obtained with a 
hot air jet with a lineal web speed of 
100 — 250 feet per minute while air at a 

15 temperature of 300 — ^150°F maintained at a 
pressure of about 50—100 psi was jetted 
through a 0.006— O.iO inches wide nozzle 
opening also about V^, — =7:^2 inch from the 
web while the web was stretched by about 

20 50%. Other gases may also be used, for 
example, nitrogen, water vapour (steam) 
and carbon dioxide. 

The present invention is useful in removal 
of membranes from flexible polyurethane 

25 webs having thicknesses of from' 0.010 to 
0.100 inches; thicker webs can bo subjected 
to effective membrane destruction by twice 
passing them through the apparatus wiih a 
different surface exposed to the direct action 

30 of the fluid jet on each pass. 

WHAT WE CLAIM IS : — 

1. A method of rupturing membranes 
from a sheet of flexible foamed cellular 

35 material, which comprises supporting the 
sheet on one side while subjecting the sheet 
to tiie action of a high velocity jet of fluid 
directed against the other side of the slieel, 

2. A method according to claim 1, 
40 wherein the sheet is stretched in a manner 

tending to reorientate the membranes toward 
mutually parallel planes and is subjected to 
the action of the jel of fluid, while the 
membranes are so reorientated. 
45 3. A method according to claim 2, 
v/hercin the sheet is sti'etched in at least 
one direction in a plane transverse to the 
direction of the jet of fluid. 

4. A method according to claim 3, 
50 v/herein the sheet is stretched by 10% to 

50% in one direction. 

5. A method according to claim 2, 
wherein the sheet is stretched in different 
directions in planes transverse to the direc- 

55 tion of the jet of fluid. 

6. A method according to claim 2. 
wherein the sheet is stretched in one direc- 
tion while restrained from contraction in an 
orthogonal direction in its plane. 

60 7. A method according to any of claims 
2 to 6, v/hercin the material is moved in 
stretched condition at a rate of 100 — 250 
lineal feet per minute under a jet of air 
heated to 300^ to 450^R v/hile maintained 

65 at a pressure of 50 — 100 psi and jetted 



throtigh an opening .006— .010 inches wide. 

u. A mcLiiod according to any of claims 
2 to 6, wherein the material is moved in 
stretched conditioii at a rate of 200—250 
lineal feet per minute under a jet of water 70 
maintained at a pressure of 50—100 psi 
and jeUed through an opening .008 — .010 
inches wide. 

9. A method according to any of claims 

1 to 6. wherein the fluid is^a gas. 75 

10. A method according to claim 9, 
wherein the fluid is a hot gas. 

11. A method according to claim 9 or 
10, wherein the gas is air. 

12. A method according to claim 10, 80 
v/hercin the temperature of the gas is suflici- 

ent to weaken appreciably the membranes 
and^assist the action of the high velocity jet. 

13. A method according to claim 9, 10 

or 12, v/herein the material is polurcthanc 85 
and the temperature of the gas is 300° — 
450^F. 

14. A method according to any of claims 
1 to 6, wherein the fluid is a liquid. 

15. A method according to claim 14, 90 
wherein the liquid is v/atcr. 

16. A method according to any pre- 
ceding claim, v/hercin the material is sup- 
ported by a semi-flexible surface on its side 
opposite the side exposed to the jet of fluid. 95 

17. A method according to claim L 
substantially as herein described. 

18. A flexible, foamed, cellular web, 
v/hen produced by a method according to 
any of claims 1 to 17. " IQO 

19. An apparatus for rupturing mem- 
branes from flexible foamed ceflular ma- 
terial, comprising a conveyor constructed 
and arranged to move a web of the flexible 
foamed cellular material continuously in a 105 
longitudinal direction along a given path, 

a backing roil interposed in the path'^in a 
position such that the web contacts the 
stuiace of die roll while passing over it 
during its longitudinal movement and at 110 
least one jetting nozzle directed at the sur- 
face of the roll and arranged to receive a 
fluid under pressure for passing through the 
nozzle and against the web passing over the 
backing roll. lis 

^20. ^ An apparatus according to claim 19. 
wherein the conveyor is arranged upstream 
of the jetting nozzlc(s) to effect a stretching 
of the web in its plane and to maintain the 
stretch in the portion of the web passing by 120 
the jetting nozzlc(s). 

21, An apparatus according to claim 19 
or 20, wherein the jetting nozzle is elongated 
in a direction transverse to and extends 
across the conveyor. 125 

22. Ail apparatus according to claim 
19, 20 or 21, wherein the jetting nozzle(s) 
communicate with a liquid supply source 
and wherein drying arrangements are located 
downstream of the jetting nozz}e(s). 130 
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23. An apparatus according to claim 22, 
wlierein the Jryinti arrangements include 
squeeze rolls arranged to squeeze liquid out 
of the web. 

24. An apparatus according to claim 23, 
wherein the drying arrangements include a 
hot gas jetting nozzle arranged to jet hot gas 
at the web downstream of the squeeze roUs. 

25. An apparatus according to claim 23, 
wherein the dr\Mng arrangements include a 
drvins oven arranged downstream of the 



squeeze rolls, through which the web is 
directed. 

26. An apparatus according lo claim 1'^ 
substantially as described with reference to 
the accompanying drawings. 

POLLAK, MERCER & TENCH, 
Chartered Patent Agents, 
Audrev House. Ely Place, 

London EC IN 6SN. 
.Agents for the Applicants. 
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